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Abstract

Dive 1461 was the seventh of nine dives during a sea—-going field program
to investigate hydrothermal activity along the crest of the southern Juan de
Fuca Ridge. During this dive on the Plume site, ALVIN crossed the western
floor of the axial valley and traversed about 300 m of the rim and floor of
the narrow inner cleft. Hydrothermal vents were observed only along the east
wall of the inner cleft, and venting was concentrated in a single area less
than 50 m long near the base of that wall. The principal vents extended up
the wall from the floor of the cleft to a height of about 10 m. Deposits of
hydrothermal minerals occur as incrustations and chimneys on the floor and
wall of the cleft. Associated with the hydrothermal vents is a community of
vent organisms dominated by vestimentiferan worms and fluffy materials of
uncertain nature.

The inner cleft at the Plume Site is about 60 m wide and 15-30 m deep. It
has a simple U-shaped profile north of the active vent area, but to the south
it contains at least one high, narrow ridge which converges with the east wall
of the cleft at the site of hydrothermal venting. This area was also the site
of a volcanic eruption, which occurred sometime earlier. Like many similar
but subaerial examples, this eruption was episodic, but the cause of its
interruptions is not yet known. The present hydrothermal activity appears to
be a residual effect of that last eruption, and the rate of hydrothermal
deposition will probably decline in this area until another eruption occurs.
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INTRODUCTION

Dive 1461 was the seventh of nine made along the southern Juan de Fuca
Rift in September 1984 (Normark and others, 1986). 1Its purpose was to examine
by submersible the Plume site that had been photographed previously using
deep~towed camera systems (Fig. 1; Normark and others, 1984). Dive #1461 was
preceded by one other (Dive #1457 by K. von Damm and R. Koski) in the same
area and followed by a third (Dive #1462 by K. von Damm and R. Zierenberg).
Each dive traversed a part of the axial valley floor and collected samples
from the main hydrothermal vent area. Dive #1461 was focused especially on
the structure, lava-flow morphology, and volcanic history of the Plume site.

The dive traverse is summarized in Table 1; it is shown in map view on
Figure 2 and in profile on Figure 3. We first made visual contact with the
valley floor about 300 m west of the inner cleft. We traversed eastward into
the cleft and then south about 100 m to the main vent area near the base of
the east wall of the cleft. After collecting a suite of samples (Tables 2,
3), we ascended to the east rim of the cleft, traversed southward along the
rim for about 300 m, descended again into the cleft, and returned along the
base of its east wall to the main vent area, where we attempted further
sampling until making our final ascent to the surface.

NAVIGATION

Transponder triangulation was used to locate ALVIN frequently during the
dive, and weighted floats were deployed in order to mark places that could be
relocated during later investigations. During this dive we reoccupied the
site of marker [0V], which had been deployed during dive #1457, and we
deployed 8 new markers at sites of sampling or of other special interest.
Floats [0~] and [ 1X] mark the western and southern extremeties, respectively,
of the dive traverse; [3X] and [0X] mark morphologic boundaries on the floor
of the axial valley west of the inner cleft; [4/] and [4V] mark the northern
and southern ends, respectively, of the main vent area on the floor of the
inner cleft. Float [5V] was placed on the east rim of the inner cleft above
the main area. Float [2-] was dropped accidentally and fell by chance onto a
sloping part of the cleft wall a few meters below [5V].

The confidence in navigation is shown by symbols on Figure 2. Navigation
was excellent during much of the dive, especially when high precision was
obtained in three-range transponder fixes. The best-navigated parts of the
dive are the initial west-to-east traverse from marker float [0-] past float
[{0X], and on the east rim of the cleft in the vicinities of [5V] and [1X].
Navigation is less certain in areas where there were long time gaps between
transponder fixes. Most of these gaps were filled using progressive vector
plots (PVPs), especially during our traverse across the axial cleft (18:06 to
18:25), part of the traverse south along the east rim (21:22 to 21:33), and
the traverse north along the base of the east wall (22:03 to 22:21). 1In a few
places our tape-recorded verbal notes were used to approximate the dive
track. Except for the gap in navigation along the east rim, most long gaps
between fixes occurred where we were shadowed from the tethered transponders
by the high, steep east wall of the cleft. A few apparently reliable fixes
were obtained within the cleft at places where we were not especially close to
that wall; the west wall is apparently less steep and more step~like than the
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east wall and did not seem to interfere as much with our transponder
navigation.

The most important consequence of navigational uncertainty is a lack of
precision in locating the main hydrothermal vent area near the base of the
east wall. We have no fixes within the cleft anywhere near this vent area,
though marker float [5V] is well-located on the cleft rim above it. 1In the
absence of navigated fixes, the locations of marker floats [4/], [0V], and
[4V] are inferred approximately; the accuracy of these positions is believed
to be about 5-10 m. Fixes obtained during the other dives to this area may
help to locate these floats better.

STRUCTURE OF THE INNER CLEFT

The cleft seems to be a simple graben about 80 m wide in the area where we
crossed it 50 m north of the main hydrothermal vents (Figs. 5A, 6). Though
its base is hidden by talus, the visible part of the west wall rises steeply
as a single vertical step more than 10 m high. 1Its face has a massive
appearance from plastering by multiple layers of younger lava. The east wall
too seems to be high and steep in this area, but we did not ascend to its
rim. The east wall also is plastered, and in addition it is draped
discontinuously by even younger lava that has flowed down from above and built
low lava cones in front of its base. Neither wall shows any sign of major
displacement since being veneered by the lava. (A few cm of displacement may
be recorded by the 18:09:15 photograph of a possible fault near the base of
the west wall.) The floor of the cleft appears unbroken; we saw no fissures,
and the floor is nearly flat except for a possible trough 1-2 m deep near the
base of the west wall. This trough is not sharply defined, and short pillars
along it suggest that it is a lava channel or some other product of lava-flow
subsidence. It could be a small interior graben or fault sag, however, that
was veneered by younger lava.

Farther south, the cleft is deeper and has a more complicated structure,
but there we examined only its eastern part. Near the hydrothermal vents, the
east wall appears to be bordered by a narrow terrace or horst about 10 m high
(Figs. 5B, 6), and south of these vents a narrow horst-like ridge seems to
diverge from the wall to enclose an interior graben more than 20 m deep (Figs.
5C, 6). These features were not recognized during the dive and have been
identified later only through detailed analysis of the dive data. Their
nature is still not certain because of inconsistencies in the depth recordings
and uncertainties in thenavigation. The evidence for their interpretation
will now be described in more detail.

East wall at main hydrothermal vents. The east wall between [4V] and [5V] is
more than 30 m high and is not a simple massive cliff. During the dive we
recognized a narrow ledge on its face, but we did not realize then that this
ledge supported a cluster of hydrothermal vents 10 m above those .we sampled at
[4V]. We began to suspect this from conversations with R. Zierenberg, who (in
Dive #1462) observed chimneys in this area at two distinctly different

depths. Such vents at two depths could explain our observation of apparently
enormous chimneys still rising high above us after we had climbed some
distance up the east wall. This possibility provoked a detailed re-analysis
of our climb up the wall.




Our observations in the interval 20:24-20:37 are summarized on Figure 4.
When we rose from [4V] at 20:24, our view was obscured by a thick cloud of
sediment that we had stirred up during sampling. At first our heading was
SSW, nearly parallel to the trend of the cleft, but as we rose we rotated
counterclockwise in order to face the east wall. At about 20:27, when our
depth was 2228 m and the floor was 12 m beneath us, we stopped climbing in
order to examine the east wall above the cloud of suspended debris. At about
20:29 we began to rotate slowly clockwise so that the port observer could see
the wall, and at about 20:30, when we were once again headed SSW, two large
chimneys could be seen to port, rising out of the sediment cloud to a height
several meters above the viewport. According to our altimeter at that time,
the seafloor was still 8 m beneath us (at a depth of 2036 m), and we inferred
that the chimneys must be more than 10 m tall, implicitly assuming that they
rose from the floor of the cleft. Shortly after this, however, as we began to
rotate counterclockwise again to approach the chimneys, the seafloor rose
sharply so that we were only 2 m above it when we bumped against one of the
chimneys. After an interruption caused by the bumping, we continued to rotate
counterclockwise, and at 20:32 we began to rise again. As we did so, we could
see beneath us a horizontal surface thickly coated with yellow organic mats
and many tube worms. Then at 20:33, as we continued to rotate slowly, the
altimeter showed the seafloor falling away again steeply. By 20:34:07, when
the forward-looking external camera recorded the top of a chimney ahead of us,
seafloor depth had again reached 2238 m. As we then rose faster and moved
forward, the altimeter recorded another sharp rise in the seafloor, which
peaked at 2224 m at about 20:35:30. The seafloor then dropped again sharply
to 2230 m at about 20:36:20 before beginning its final rise to the east-rim
depth of 2212 m.

These observations are best interpreted if we consider the location of the
downward-looking sonar altimeter on ALVIN's hull, which at the time of this
dive (according to Arnold Sharp, head engineer of the ALVIN group) was mounted
8 inches forward and 24 inches below ALVIN's port viewport. The two large
chimneys must have been standing on a platform that rose sharply about 10 m
above [4V] such that the altimeter still recorded the cleft floor when they
were first seen to port at about 20:30 but recorded the platform as it rotated
past them at 20:31-20:34. The altimeter later recorded the top of one chimney
as it passed directly above it at about 20:35:30. The shape of the platform
is not resolved clearly by the sonar record; it could have been a narrow ledge
protruding from the wall, or it could have been a detached ridge as shown in
Figure 5B.

Eastern cleft at south end of traverse. During the dive we also misunderstood
the east wall at the south end of our traverse. We had intended to drive out
over the cleft and descend to its floor while turning around to face the east
wall, then make a photographic traverse up that wall; during the dive we
thought we had done this. Some of our visual observations were puzzling,
however, and our navigation fixes and azimuth records show that we examined
instead the east-facing wall of an apparently narrow ridge within the cleft.

Our observations during 21:44-22:06 are summarized on Figure 4. After
leaving [ 1X] heading north, we passed over the east rim of the cleft at 21:45
and then began turning counterclockwise toward the west. At about 21:47:45 we
unexpectedly crossed over the flat crest (photographs STBD 3-18, STBD 3-20) of
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a rocky wall at a depth of 2223 m, about 10 m below the rim of the cleft. At
that time we assumed that we were still heading west and thought that this
crest must represent a ledge or alcove on the east wall. But the data logger
shows instead that we had continued in a tight turn as we descended and were
heading ESE when we crossed the wall. We then maintained that heading through
21:54, and the lava-draped wall recorded at 21:52-21:54 must have been the
true east wall of the cleft. After 21:54 we began to rotate clockwise and
were again heading southwest when we neared the seafloor at 21:56. We then
began a photographic traverse up the wall in front of us under the illusion
that it was the east wall of the cleft, facing west. This wall proved
featureless, however; so we broke off the traverse and by 22:00 lost contact
with the wall at a depth of 2224 m before seeing its top. We then returned to
the floor. Though at that time we thought we had examined the west-facing
east wall of the cleft, our true position farther west is indicated by two
good fixes at 22:02:22 and 22:02:52 as we re=-descended.

In our present interpretation, shown on Figures 5C and 6, a narrow ridge
crests at a depth of 2224 m about 30 m west of the east wall of the cleft.
Between this ridge and the east wall is a lava lake whose floor has sagged to
a depth of 2246 m. The depth and character of the floor is inferred largely
from visual observations and depth records between 21:50 and 22:10. This
interpretation is not consistent with the depth records between 21:46 and
21:49; according to those records, the floor of the inferred depression
descends only to a depth of about 2230 m instead of 2246 m. Greater depths
were found only after 21:49. The depth data are noisy, however, and we
believe that systematic errors have produced the apparent differences in
seafloor depth before and after 21:49:30. We prefer to accept the data after
21:50 and ignore the shallower depths recorded between 21:46 and 21:49. The
dotted profile on Figure 5C shows an alternative interpretation in which the
eastern depression has a shallower depth. Additional analysis of depth data
from Dive #1457 may lead to further reinterpretation of this area.

Structural synthesis for the southern area. Our zigzag northward traverse
after 22:05 showed that the ridge within the cleft converges with the east
wall northward, so that by about 22:15 we could see at the same time the east
wall to starboard and the ridge to port; the inner depression here must have
been only 10-15 m wide. At about 22:17 the ridge had neared the wall so
closely (probably about 5 m) that we had to cross over its crest at a depth of
about 2228 m. We then went along its west side above talus to the vicinity of
{OV]l. 1In Figure 6, a ledge above [0V] is shown to grade into a narrow ridge
diverging from the east wall southward. The northward extent of the ledge is
not known; it may merge into the wall only a few dekameters north of [4V]. A
fracture between the ledge and the main wall may extend northward in the wall
as a source vent for lava drapery observed on the lower part of the wall north
of [4/].

The nature of the west wall and floor west of the interior ridge is not
known from this dive. Information from Dive #1457 suggests that the west wall
in this area south of the hydrothermal vents is vaguely defined and descends
in a series of steps. (This is uncertain, however; post-cruise analysis
suggests that the apparent steps may be artifacts of errors in ALVIN
depth/altitude data.) There may be a step also in the floor of the cleft,
such that it deepens rapidly about 10-20 m near the northern part of the main
vent area. Certainly the eastern margin of the cleft deepens in this area

-7 =



around marker float [4/] (Fig. 3), but it is not clear if this deepening
represents a step extending across the floor or a more restricted depression
along the east wall. Whatever its nature, stepping in the west wall or floor
of the cleft probably arises from the en echelon or splaying faults that are
evident in the SeaMARC II image of this area. The main vent area of the Plume
site may be localized at an intersection of these structures. Further
detailed analysis of data from Dives #1457 and #1462 should define better
these complications in the structure of the cleft.

LAVA ON THE MAIN VALLEY FLOOR

We found evidence that several separate lava flows-—-at least three, and
perhaps six or more--occur on this segment of the valley floor. These flows
are distinguished from each other by morphologic criteria and form three
groups: an outer fringe of older uncollapsed flows, a broadly subsided flow,
and younger flows on the collapsed floor of the subsided flow. All of these
flows seem to have spilled from the axial cleft onto the main valley floor.
Though they seem to represent separate overflows, their similar sediment cover
suggests that they are not greatly different in age.

Peripheral uncollapsed flows. An outer zone of lava beyond 150 m from the
west rim of the cleft still retains its primary lobate surface morphology and
displays no sign of widespread subsidence or crustal foundering. This lava
was observed in the initial western part of our traverse near [0-] from 17:08
to 17:30. It is typical of the lobate sheetflows seen elsewhere, being a
billowy or hummocky tangle of overlapping flow lobes ranging in width from
several cm to a few dekameters. Its surface relief commonly ranges from
several cm to a few decimeters over areas several m wide, and up to a meter or
more over distances of a few dekameters (Table 4: photograph PORT 1-20).

Minor morphologic features on the lobes include striations, wrinkles, and
various small fractures. Many such features are ascribed no special
significance, but some are; among the latter are features diagnostic of local
deflation (collapse pits in shelly lobes, as observed at 17:11:04) and others
that indicate various degrees of inflation (residual pits also seen at
17:11:04, shallow surficial cracks and faults such as those noted at 17:09:16
and 17:19:28, and tilted crusts such as those noted at 17:22:30).

Features diagnostic of deflation and inflation are closely juxtaposed in
some places (as at 17:11:04 and 17:22:30), and because they do not normally
occur together in a single flow they suggest that separate flows overlap each
other here, some of them being inflated and others being deflated. 1In some
places, contacts are visible between successive flow lobes (17:26:13), and a
few of these contacts seem to coincide with slight changes in sediment cover
(17:20:09 and 17:22:30).

If real differences in sediment cover do occur across contacts, they
suggest that the separate flows are products of different eruptions separated
by significant lengths of time. The sediment differences are not precisely
defined, however, and if age differences do exist their effects are probably
blurred by a gradual decrease in sedimentation rate from the edges of the
valley to its center. Age differences cannot be determined until the rate of
sedimentation and its variability across the valley floor are better known.



It should also be borne in mind that it is difficult to distinguish
morphologically between separate lava flows of the same age and separate lobes
in a single flow; if the differences in sediment cover do not reflect
differences in age, some inferences of separate flows may be incorrect.

The billowy/hummocky surfaces of all these lobate flows seem to slope
gently (about 0.5 m/km, from bathymetric data) away from the axial cleft; this
suggests that they overflowed from the cleft. A local lava source within the
cleft is suggested also by a lack of morphologic features diagnostic of
sustained, long-distance flow. We saw none of the lava channels or master
lava tubes that characterize the mid-sections of long flows, nor the rough and
broken or highly inflated surfaces that characterize their distal parts. We
saw no sign in this area that any of the lava flowed along the valley floor
parallel to the cleft.

Collapsed lava flows. A zone of lava-flow subsidence separates the unsubsided
lava of the outer valley floor from the axial cleft (photographs STBD 1-17,
PORT 3-19). Earlier camera lowerings had suggested that this subsided area
broadens around the main hydrothermal vents, and one purpose of our diving
program was to evaluate its possible genetic relationship to the vents. On
this dive between 17:30 and 18:12 we traversed the western part of the
subsided area. We found its outer edge where expected, about 150 m west of
the rim of the cleft, where we deployed marker float [3X]. Though some
interpretive uncertainty remains, our observations are consistent with the
occurrence of a subsided area totaling about 400 m wide, centered on the
hydrothermal vents, and partly flooded by two or more younger flows that
subsided also.

A transitional zone of pitted sheetflows about 50 m wide, observed in our
traverse at 17:28 to 17:30, occurs between the unsubsided lobate sheetflows
and the area of broad subsidence. The pits are typically a few to several m
wide and up to one m deep. They have overhanging roofs, steeply outward-
sloping walls that are ridged in some places with lava-subsidence selvages,
and flat floors that are commonly littered by thin plates of roof rubble.
Sediment cover is more extensive and thicker on their floors than on the
lobate surfaces of their rims. They are wider, deeper, and more numerous near
the subsided area. Though they seem to be isolated from each other, these
peripheral pits probably were connected to the broader subsided area when the
lava drained from them. Even though they lack pits, many lobes in the
transition zone have gently sagged tops indicative of partial drainage.

Also common along the margin of the large subsided area are shelly
remnants of more thoroughly drained lobes. 1In some places the lava seems to
have drained away entirely from behind steep, billowy fronts of lobes to leave
only residual upturned plates (17:30:16). Small lava toes have subsequently
flowed around these tilted plates and have then had their own proximal ends
truncated by subsidence. Evidently there was a complex repetition of surges
or overflows interspersed with subsidence here, like that which forms the lava
levees of subaerial perched lava ponds.

The broadly subsided area differs morphologically from the smaller pits.
Whereas the small pits are isolated from each other and are restricted within
large lava lobes several meters wide, the broader subsided area cuts across
such lobes and embays them to form a subdued amoeboid shape. This broader
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collapse has a rim that generally does not overhang, a wall that slopes gently
inward and lacks subsidence selvages, and a floor that is not littered by roof
debris. In some places it appears that the smooth surface of the subsided
floor can be traced unbroken up through a series of tilted, draped folds into
the shelly lobes of the rim (17:30:54 to 17:31:50 and 17:35:13 to 17:35:40),
as if the flat subsided crust and lobate unsubsided crust were coeval. 1In
other places, low swells along the edge of the subsided floor resemble
successive fronts of lava that oozed out over successive crusts that foundered
as the lava subsided and receded (17:34:46).

The subsided surface of the broad collapsed area is mostly flat, with a
low relief of a few cm over distances of several m and no more than a few
decimeters over larger areas. Most of this surface is featureless or scored
by only shallow lineations, though higher-amplitude wrinkles and folds are
common near its margin. It seems to slope very gently toward the axial
cleft. Sediment cover is much greater here, perhaps as much as 95%
(17:31:00), than on adjacent coeval lobate surfaces, probably because the
featureless flat surface has no small depressions or smaller-scale roughness
where sediment can be concentrated in sediment ponds or cavities.

The flat floor of the broadly subsided area is narrower than expected, at
least along the line of our traverse. Earlier camera surveys had suggested
that pillars and other remnants of a primary flow surface projected above a
subsided flat floor extending 150 m from the rim of the inner cleft. Along
our traverse (17:31 to 17:36), however, we found the flat surface to be only
about 20 m wide; after crossing onto it where expected about 150 m west of the
cleft, we unexpectedly left it again 130 m west of the cleft, where tilted
plates of lobate lava seemed to cap a mound. We initially interpreted the
mound as an island of unsubsided flow surface rising above the subsided
surface. But instead of finding more of the flat surface further east, we
again encountered small pits in lobate lava (17:37 to 17:46, with lava-
subsidence selvages appearing on pit walls after about 17:41). The
interpretation of these observations is not certain; three alternatives seem
most likely: First, the subsided area could be much smaller than inferred
from the camera surveys, with only isolated pits occurring rather than a
single broad collapse. Second, we could have crossed merely an embayment of
the large subsided area, so that we were back outside it at 17:36 and then
skirted its northern margin until we reached the cleft. Third, a younger flow
could have spread across most of the flat surface here, so that only its
western edge was still exposed. We prefer the third alternative, which is
consistent with everything seen during the dive as well as the earlier camera
surveys indicating an extensive subsided area. A corollary of this
interpretation is that at least two different lava flows subsided here.

At least one other subsided flow is also present; this became clear as we
neared the west rim of the cleft. At 17:41:31 we found the margin of another
broadly subsided area about 50 m from the rim of the cleft. Here again, along
its margin we saw lava toes that had oozed around the shelly remnants of
earlier collapsed lobes, suggesting that multiple surges had occurred. By
17:43:46 we had observed still another lobate sheetflow that had flooded this
subsided area, ponded within it, and then drained away to produce pillars and
pits about 2 m deep. Pit walls in both of the inner subsided flows were
corrugated by many lava-subsidence selvages (well-documented from 17:50:00 to
17:55:55; photograph PORT 3-24).
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Interpretation of the cleft overflows. In summary, we saw lobate sheetflows
of at least three generations on the valley floor west of the cleft, with the
younger flows flooding subsided parts of the previous flow (Figs. 6 and 7).
In addition, we saw evidence for multiple surges in two of these lobate
surfaces: These include two or three different flows on the outer valley
floor near [0-], surging beyond the first margin of subsidence at [3X], and
surging beyond the second margin of subsidence near [0X]. As many as seven
separate lava flows could be inferred from our observations, each having
subsided and collapsed before the next was extruded across it. This sequence
of lava flooding and subsidence is more complex than we anticipated; it
appears that lava repeatedly overflowed the cleft to produce a stack of thin,
discontinuous flows on the outer valley floor.

The source of these overflows was not definitely established during this
dive. Earlier camera lowerings indicated that the width of the subsided area
swelled from less than 50 m along most of the cleft to more than 100 m here
and around a few other principal hydrothermal vent areas. If these widths are
correct, they suggest that the eruption of lava was concentrated along the
cleft at sites coincident with the present main hydrothermal vents. Because
this dive was restricted to the vicinity of a vent area, however, we could not
confirm the narrower width of subsidence inferred from camera lowerings
elsewhere along the cleft.

One feature on Figure 7 that remains to be explained is the earlier,
larger subsidence depression (shown by chains of large dots on the maps)
inferred to be buried by the younger overflows. This feature is conjectural;
it is inferred from the apparent overlap of pitted lava by the oldest
presently exposed subsided flow (17:22:30). Subsequent observations (17:28 to
17:30) showed that small pits in the upper flow occur near the margin of its
broader subsided area. We suspect that this is a common occurrence, and that
small pits in unchannelized flows usually occur near larger areas of
subsidence. We therefore infer that a broadly subsided area probably formed
near the pits in the older flow, but that it was buried by the younger flow.
This inference is not yet well founded, however, and deserves further testing.

All of these overflows from the axial cleft seem to be of similar age.
Differences in their very light sediment cover are not large and seem to be
explainable mainly by differences in surface roughness and distance from a
sediment source along the edge of the valley floor. If the separate overflows
are products of different eruptions, those eruptions must have been recent and
closely spaced unless the rate of sedimentation here is very slow. More
likely, the overflows represent surges during a single sustained eruption.
This inference, however, must remain uncertain until the sedimentation rate is
better known.

LAVA WITHIN THE CLEFT

The morphology of lava within the cleft is generally quite different from
that outside. Although lobate flows and associated draperies do occur in some
places on the floor and east wall of the cleft, most of the lava consists of
thin veneers on the walls and rough, fragmental surfaces on the floor. The
draperies and lobes are confined to the eastern cleft near the hydrothermal
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vents; they probably represent final small surges of lava in a waning
eruption.

Veneers plastered on walls of the cleft. The walls of the cleft and the crest
and walls of the interior ridge are coated in some places by thin veneers of
lava that are plaster-like and almost featureless. These veneers were seen
best (18:09 to 18:11) on the west wall below [0X]. Though the wall was
examined going from bottom to top, it is more easily described in the opposite
direction because the veneers seem stratigraphically simpler at the top and
more complex at the bottom.

Near its rim, the west wall displays in cross=-section the rough, pitted
topography that fringes the cleft, with thin shelly septa separating the
cavities of adjacent drained lobes (Fig. 5A). Below the septa is a rubble
composed of shelly plates from the collapsed crust. This rubble may be as
thick as a meter or more and could represent multiple overflows, but we did
not see any contacts between such flows. Beneath the rubble is a steep cliff
about 10 m high; it has an irregularly massive appearance arising from its
nearly continuous coating of lava veneer. 1Its upper part has a hackly texture
(18:10:31) that could reflect older rubble, pillows, or lobes behind the
veneer. 1In places where the veneér has partially broken away, multiple thin
layers can be seen in it, their truncated edges hanging like flat tapestries
(18:10:08). The lower part of the wall has many lava-subsidence selvages and
small vertical ridges that look like driblets of lava which flowed short
distances down the face (18:09:56). Below the abrupt base of the cliff a
gentler ramp slopes (about 40° near its top and 30° near its bottom) another
5-10 m to the floor of the cleft. When viewed from a distance, much of the
steeper upper slope has a lumpy but nonfragmental appearance resembling that
of lobate sheetflows. When viewed close-up, however, it is clearly a
fragmental deposit. But although its slope is near the angle of repose, the
fragmental deposit does not seem to represent a simple talus; it appears to be
a mixture of talus and lava, with an earlier generation of fragments coated by
a thin pimply-textured veneer of younger lava (18:09:09) and then littered by
a later generation of uncoated rubble (18:09:07). The small blocks and plates
of the younger rubble were probably derived from the partial collapse of
presently surficial wall veneer seen above, and the earlier talus was probably
derived similarly from earlier veneers. Farther down the slope the talus
veneer too seems to consist of multiple layers: Pillars rising from the slope
have a layered structure like onion skin (18:09:21), and cracks that penetrate
the coated rubble reveal beneath it a massive surface that probably represents
an earlier veneer (18:09:15).

The crest of the southern ridge within the cleft is plastered by sheetlike
lava that is broken into a mosaic of thin (1-3 cm) but wide (1-2 m) polygonal
plates (21:47:40 to 21:48:44; photographs STBD 3-18, STBD 3-20). The plates
at first appeared to have been dropped helter-skelter onto the ridge, resting
precariously on its convex upper slope. Closer inspection, however, showed
that the plates broke apart in situ and slid a few cm before freezing to the
slope; their broken edges fit together like pieces of a jigsaw puzzle, and the
flat floors of wide cracks between them have striations, formed while the lava
was still tacky, indicating slip direction. The plates probably represent an
ephemeral crusty skin on a lava stream, draped onto the ridgecrest as the
stream subsided rapidly past it. The lower east wall of the ridge too appears
to be plastered with a massive-looking veneer of lava. In one place this
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veneer too appeared to be separated into polygonal plates by cracks a few cm
deep and wide (21:58:57), but the organic drapery was so thick on the wall
there that we could not be certain of this, and in most places the lava veneer
appeared nearly featureless.

Though similar veneers of lava are assumed to occur everywhere else along
the cleft near the Plume Site, they were not observed as well at other places
and are presumed to be hidden by draperies of younger lava and organic
material. We did see possible lava veneers at a few other places. Near the
northern extremity of our dive we may have seen an onion-skin layering near
the base of the east wall (18:21:02 to 18:21:56), but this probably resulted
from surging of a shallow lava stream within the cleft instead of successive
overflows. Crude horizontal ribs were observed on a possible wall veneer in
the vent area (20:25:34), but similar ribs nearby were oblique (20:26:20). If
these rounded ribs are lava-subsidence features, some must have been tilted
subsequent to formation; more likely they had some other origin. Farther
south on the east wall we also saw a similarly crude vertical ribbing
(21:51:26 to 21:53:23). This ribbing too could be a feature of a thin veneer,
but it is more likely a younger drapery that flowed down the wall, or possibly
a drapery of organic material.

The lava veneers on the wall probably represent successive floods that
drained away quickly after leaving thin coatings of quenched lava. The
different layers presumably correspond to the different overflows seen on the
valley floor outside the cleft.

One place where a thin, sheetlike veneer may be absent is the east wall of
the eastern interior depression, south of the main hydrothermal vents. It
appears that much of this wall is thickly draped by younger lava streams that
flowed or dripped down the wall. This drapery is not continuous, however, and
in a few places it appeared that a thin lava veneer did not occur behind it.
Instead, horizontal steps on the wall resemble truncated layers of older lava
exposed in cross-section (eg, 22:10:58). If a thin veneer really is absent
here, this eastern compartment of the cleft may have opened after the last
flood filled the cleft. (Floods that overflowed the cleft must have filled
the eastern compartment because the interior ridge is lower than the rim of
the cleft.) Alternatively, the steps on the wall could be younger lava-
subsidence terraces frozen against the wall.

Rough lava on floor of main cleft. Dive 1461 only crossed the main floor of
the cleft once in an area partly covered by younger lobate flows. Therefore
we did not observe the rough lava as well during this dive as in some others
(such as dive #1456, described by Holcomb and Morton, 1986). Our best views
of rough lava during this dive were near the west wall (18:04-18:09 and 18:14~
18:22) and in small kipukas near the east wall (18:37-18:38).

The rough, rubbly floor, where we observed it, is mostly a semi-chaotic
expanse of broken folds with an admixture of broken, shelly lobe fragments.
The pieces of folds commonly are several cm wide, a few decimeters long, and
appear to be derived from folds having amplitudes of about 10 cm to 1 m
(photograph PORT 1-29). Though now broken apart, their long axes are commonly
alined in parallel chains to form swirly patterns several meters to a few
dekameters wide. This rough surface appears generally similar to that seen
more extensively on the floor of the cleft near Vent 3 (Holcomb and Morton,
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1986), and this too probably represents a lag deposit skimmed off the top of
an ephemeral lava flood that filled the cleft. The rubble probably formed as
a very fluid, still-molten fraction of the lava flood flowed away from beneath
a skin quenched on its surface. As the lava flood drained away, the skin
subsided onto the floor, piled up against obstructions, and was skimmed off
the lava stream. The initially thin and pliable skin at first piled up to
form draped folds, but as it thickened and became a tacky, brittle crust, it
was broken and jostled before coming to rest on the floor of the cleft.

The rough lava on the floor of the cleft at the Plume Site does differ in
a few ways from that seen at Vent 3. The rough lava here seemed to form a
continuous expanse, while in the Vent 3 area the rough lava occurred in
patches that were interspersed with patches of smoother, pimply veneer to form
a mosaic. Little of the pimply veneer was seen at the Plume Site, except
higher up on the talus above the floor of the cleft. One photograph by the
external camera (18:16:59), however, appears to show a mound of veneered
rubble projecting as a kipuka through elongate lobes. This mound could
represent a place where crust-rubble of the last flood failed to accumulate,
the pimply veneer being the only remnant there of that flood. If so, the
rubble beneath it could represent a rough crust deposited by another flood
which preceded it.

Another difference between the Vent 3 site and the Plume site is the
presence at the Plume Site of squat pillar-like masses that give a more rugged
relief to the surface (2-3 m over a distance of 10 m, at 18:13:58). We did
not record these in the Vent 3 area. These masses superficially resemble
accretionary lava balls and may be sitting atop the flow, but more likely they
are short pillars projecting through the flow. 1In size and structure, with
onion-sgkin layering and lava-subsidence selvages, they resemble the pillars
rising from the lower stretch of the adjacent talus slope. They may be
island-like remnants of a late lava stream only a few meters deep that flowed
along the base of the west wall.

Drapery on the east wall. On the east wall of the cleft we observed a lava
drapery that is distinguished from the veneer in having a robustly cylindrical
structure produced by streams of lava that flowed down the wall. The drapery
is distinctly younger than the last lava flood; it appears to cover much of
the east wall, and lobate sheetflows that were fed by it cover much of the
eastern floor (photograph PORT 1-42). 1In this respect the Plume Site differs
strikingly from Vent 3, where only a few small pads of lobate lava and pillows
were seen in the floor of the cleft and no drapes were seen on the walls.

The drapery was observed best in the area north of the hydrothermal vents
(18:15 to 18:38), where it was not obscured by a thick mantle of organic
material and hydrothermal mineral deposits. The younger lava has flowed down
the lower part of the wall from an unknown source higher up on the wall or rim
of the cleft to form column-like vertical ribs on the wall. The lava left
broad, sheet-like stalactites where it flowed across overhanging ledges on the
wall (18:19:44, 18:33:24, 18:35:53, 18:36:35). These stalactites have narrow
longitudinal ribs and striations, which curve around wall projections in some
places to give the columns a festooned appearance. Some are broken, their
truncated ends hanging like icicles. Holes in some of the otherwise intact
columns show that they are hollow, like downspouts (18:37:41). The columns
divide at the base of the wall to form diverging chains of elongate lobes.
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Overlapping chains have accumulated along the base of the wall to form lava
cones. These cones become thin and discontinuous as they flare out on the
eastern floor of the cleft, and patches of the rough underlying lava appear in
small kipukas between them. As the chains diverge, their lobes become smaller
and more cylindrical. One chain that was recorded especially well in the
external photos (18:17:53 to 18:18:34) displays a transition from a broad,
pitted lobe to more elongate, apparently solid (not hollow) links. The chains
end in small mounds of toes and pillows (18:16:06).

The drapes and lobes occur also in the area of the main hydrothermal
vents. The drapes appear to include truncated sheet-like (20:26:32,
20:31:41), tubular (20:25:39), and billowy drip~like (20:26:55) forms, but
their identification is generally uncertain because they are obscured by thick
organic drapes that resemble them closely, especially in photographs where the
lacy texture and swaying movement of the organic drapes cannot be seen. Also
obscured here, on the floor of the cleft, by organic and hydrothermal deposits
are lobate sheetflows and pillow talus (19:47:50, 22:17:13) that presumably
were fed by the drapes. Lava drapes seem to occur also on the east wall
farther south, below [ 1X] (21:52:41, 22:07:10), though here too some of the
drapes could consist of organic material.

The eruptive vent for the lava drapery has not been identified. It
probably occurs in the upper part of the east wall, above the main
hydrothermal vents. It could be a fissure that extends obliquely up the wall
from the north end of the eastern interior depression shown in Figure 6. This
is conjectural, however, and some evidence points to a different source. 1In
one place on the east rim above the hydrothermal vents (21:08:54), elongate
lava lobes appeared to plunge over the rim and down the cliff to form drapery
and buttresses on the upper east wall. This observation is somewhat uncertain
because breakage and a thick mantle of sediment have obscured the morphology
of the lava. If the observation is correct, however, it suggests that the
vent for these drapes is somewhere beyond the east rim.

Subsided lava pond. The southeastern compartment of the cleft is floored by a
subsided lava pond (Figs. 6 and 7). This pond was observed briefly at 21:57-
21:58 and examined more carefully during our zigzag northward traverse at
22:03-22:10. Because we saw only its northern part, the size and shape of the
pond are not known; but its structural setting suggests that it is long and
narrow. It consists of a subsided central crust and a less subsided marginal
terrace. Variations in thickness of successive crusts suggest that the pond
subsided rapidly at first and more slowly later. This pond may have been
preceded by others in the same depression. Though its relationship to other
nearby lava flows is not certain, the ponding here probably records the last
effusion of lava from the Plume Site vent. Because it has several unusual
features not described previously in a submarine environment, this pond will
be discussed in some detail.

The subsided central part of the pond is surfaced by flat polygonal
plates. The plates range in thickness from several cm near the margins of the
subsided area to more than 15-20 cm in its central part (22:07:10). The
surfaces of the plates are generally lineated, though the lineation may be
weaker near the axis of the pond. Inter-plate fractures that are oblique to
the lineation are less straight than those that parallel it (22:04:17). The
lineations generally parallel the elongation of the pond, following an azimuth
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of about 025° (22:04~22:05). Misalinement of lineation between plates
indicates that some plates were rotated. Some plates were shoved over the
truncated ends of others (22:04:50), especially near the margin of the pond.
Most of the thick plates in the central part of the pond are tilted. Though
some small plates are tilted steeply in various directions, probably because
of jostling, most of the larger ones are tilted gently toward the axis of the
pond (22:04:40), forming a crease that appears almost channel-like in some
places (22:09:45). The crease is not of uniform depth, however; strung out
along it are small deeps shaped like inverted cones or pyramids (22:08:13).
The crease and its deeps strongly resemble those between thick tilted plates
on the 1959 lava lake in Kilauea Iki pit crater, Hawaii, in the constricted
passages leading from the eruptive vent to the main lava lake. Isolated
pillows occur along cracks between some adjacent plates (22:03:37), and near
its margin the pond is littered by blocky rubble from the nearby wall (21:57-
21:58).

At the margin of the pond is a shelly fringe consisting largely of
chaotically tilted fragments (22:06:54). These fragments are only a few cm
thick, and although some are scored by lineations (some curvilinear, like
pahoehoe ropes, at 22:07:20), most are shelly fragments of a lobate crust.
This surface appears surprisingly similar to the jumbled surfaces of subaerial
lava-subsidence terraces; it even appears that lava toes have oozed from
beneath the tilted remnants of earlier generations of subsiding crust. At the
outer edge of this terrace, lineated plates of crust are tilted sharply away
from the enclosing wall; angular rubble fills the crack between these plates
and a rind still frozen to the wall (22:07:10). The wall appears in some
places to be draped by lava that ran down it in rivulets (22:10:58); some of
the drapery may also cover an earlier talus at the base of the wall
(22:07:10).

The progressive thickening of plates toward the center of the pond
suggests that subsidence of the pond slowed near the end. The less-subsided,
thinner plates near the margins of the lake probably are fragments of early
crusts that foundered as the lake subsided. The thicker axial plates probably
cooled longer before they were broken apart and tilted. All of the subsidence
in this pond must have been much slower than that in the main compartment of
the cleft, where the flood of lava drained away quickly enough to leave only a
veneer on the walls and thin shelly fragments on the floor. The reason for
slower subsidence in the eastern compartment is unknown, but it may have been
caused by a constricted exit.

This eastern compartment may have been partly filled by earlier lava ponds
that also subsided. This is one possibility of several suggested by narrow
ledges along the lower part of the east wall near the north end of the
depression outside the lava pond (22:10:58-22:12:15). The ledges do not
overhang but are steeply step-like, being generally about 0.3-1.0 m high but
no more than a few decimeters wide, and they appear to be discontinuous along
the wall. The risers of some are scored by fine vertical ridges that resemble
drip-like rivulets or tacky striations (22:11:40). They could represent
closely spaced step faults or older layers of lava exposed in the wall.
Alternatively, they could be narrow lava-subsidence terraces around earlier
subsided ponds. The earlier ponds of such a series could entirely enclose the
later ones, or they could be successively upfaulted to leave their rinds still
exposed only on the east wall.
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The relative age of the pond in the eruptive sequence is not certain; two
alternatives have been considered: 1, the pond is another residuum of the
last high~volume eruptive episode, like the veneer and rough lava on walls and
floor elsewhere in the inner cleft; 2, the pond developed during a later,
smaller eruptive episode in which only the eastern compartment was completely
flooded, the main compartment being only partially covered by lobate
sheetflows and pillows. 1In the first alternative, ponding could have resulted
from slowed drainage or cooling within an enclosed depression, in contrast to
rapid lateral drainage from the main compartment of the cleft. 1In the second
alternative, the pond would belong to the last dregs of an eruption series.

The second alternative is probably correct. The first should have
produced, on the wall veneer above the terrace, small lava-subsidence selvages
formed by slowed subsidence of the lava surface as it neared the level of an
enclosing barrier. But the wall veneer is nearly featureless, with no sign of
slowed subsidence; the wall veneer must belong to an earlier flood of lava
that drained away rapidly. In addition, the first alternative would not have
produced primary flow lobes on the terrace, because the primary crust would
have developed at a higher level--above the rim of the cleft--and would have
foundered as the lava subsided.

The cause of ponding is not determined with certainty because we did not
circle the pond and do not know if it is fully enclosed. The pond could have
been confined temporarily behind its flow front owing to a restricted exit or
an effusion rate that exceeded the rate of spreading. If the barrier were
ephemeral, subsidence could have arisen from drainage when the barrier was
breached. If the barrier were permanent, subsidence would have to arise from
loss of volatiles or backflow into the plumbing system. We favor the
alternative of a permanent barrier because the lack of multiple thin lava-~
subsidence selvages and the thickness of tilted plates on the pond floor
suggest that subsidence was slow; breaching of a temporary barrier should have
produced rapid subsidence.

Another problem presented by the pond is the cause of its subsidence. If
it was fully enclosed, its subsidence could not have arisen from surface
drainage. The remaining alternatives are deflation from loss of volatiles,
backflow into the eruptive vent, or drainage into a fissure that opened
beneath the pond before it cooled. Volatile loss is unlikely because the lava
appears to be non-vesicular and because volatiles probably would not be
evolved after eruption under the high pressure (about 220 bars) existing at
that depth. (The possibility of gas loss could be tested further by examining
more closely the vesicularity of lava frozen in the terrace around the pond.
If the lava was gas~rich and did deflate in this environment, evidence of it
should be preserved as vesicles in the rind frozen to the wall of the
enclosing depression.) Drainage into a fissure should have been much more
rapid than is indicated by the pond morphology, and it should have left in the
floor of the pond a gaping fissure which is not seen. The most likely
alternative, therefore, is backflow into the eruptive vent. ’

The eruptive vent has not been identified, but in order to feed the pond
it would have to be located on either the east rim or wall of the cleft. On
the wall we did see features resembling a lava drapery, which suggests that a
vent occurs somewhere higher on the wall or rim. But a rim vent would have to
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occur upslope farther north; we saw no sign of one during our traverse along
the rim. Nor did we see younger lobate lava from the drapery superimposed on
the terrace or floor of the pond, which suggests that the drapery dates from
an earlier eruptive episode. Moreover, if the pond were fed by a higher vent
via the drapery, the pond could not have drained back into that vent; backflow
would require the vent to occur at a level lower than the subsided surface of
the pond. We therefore favor the hypothesis that the pond was fed by a vent
low in the east wall at the north end of the pond, where the enclosing
depression probably narrows into a fissure in the wall. Such a vent would
coincide closely with the present hydrothermal vents and eruptive vent
inferred for the earlier cleft overflows.

If the pond subsided from backflow, however, there is a problem of what
caused backflow. Backflow following subaerial eruptions commonly is thought
to arise from loss of gases in the magma--but this raises an objection similar
to that faced by high-pressure deflation of the lava pond. Another mechanism
is lateral expansion of the shallow magma reservoir as fissures propagate
along the rift zone, permitting the erupted lava to drain back into the vent
and then along the fissures, where it may remain or be erupted again at a
lower elevation. We believe that this hypothesis should be favored unless
evidence is found of lateral surface drainage or loss of volatiles.

If it can be shown that the pond did deflate, or that the episodicity of

eruption arose from effervescence processes, it could have a large impact on
our understanding of submarine eruptive behavior.

INFERRED CHARACTER OF VOLCANIC ERUPTION

Now that we have interpreted the morphology of individal lava flows, we
can synthesize a more general interpretation of the volcanic eruptions that
produced the flows. Our interpretation is summarized pictorially in Figure 7.

Several eruptive pulses are recorded by the lava flows at this locality.
The dive showed that at least five or six successive flows spread onto parts
of the Plume Site, and four of these extended beyond the rim of the axial
cleft. These successive lava flows evidently resulted from distinct eruptive
pulses, each pulse being followed by waning effusion and drainage of lava
along the inner cleft. The widening of the drained area around the Plume Site
indicates that at least some of the overflows were erupted locally and did not
flow into here from other parts of the cleft. Some of the lava, however,
could have been erupted as far north as Vent 1, because the ground slope
continues upward as far as that vent area. The lava erupted in these episodes
drained away laterally along the cleft, apparently flowing southward down a
gentle slope toward a catchment area that has not been identified.

Each overflow from the cleft was brief and represents an eruptive episode
having a high rate of effusion. The lack of channels in the overflows--and
lack of lava levees along the rim of the cleft--indicate that each episode
lasted only a few hours or less. Sustained overflow would have produced
channelization and levee development. The lava must have been extruded faster
than it could spread away down the cleft, so that it filled the cleft to
overflowing at the height of eruption and then drained away as the rate of
effusion decreased.
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The multiple overflows probably are products of a single pulsating
eruption, with separate eruptive phases occurring in rapid succession. A
short time between flows is indicated by the lack of a detectable difference
in pelagic sediment on them. Even the obviously hydrothermal sediment
thickens only gradually around the hydrothermal vents, with no detectable
changes in thickness along contacts between lava flows. In addition, the
different overflows probably do not represent discrete eruptions because all
of them seem to have been erupted from the same vent. Discrete eruptions
usually are erupted from different vents because a vent usually becomes cool
and clogged shortly after eruption, and inflation of the deeper plumbing
system produces new fissures for the next eruption.

The eruption probably lasted from a few days to a few weeks. It was at
least long enough (several hours) to permit localization of effusion to
discrete points along the fissure system, and probably long enough to include
several eruptive phases (at least a few days). But the eruption was too short
(probably less than a few weeks) for lava shields to grow around the localized
vents and fill the inner cleft. 1Individual overflows were brief enough (less
than several hours apiece) to preclude development of lava channels outside of
the cleft. The intervals betweens successive flows are not known precisely,
but by analogy with subaerial eruptions, the intervals could have ranged from
less than an hour to several days.

The recorded overflows may represent a systematically waning sequence, but
this is not certain. It is suggested by the apparent decrease in extent of
successive overflows, which suggests a decline in eruptive volume or rate of
effusion for successive episodes. Subaerial eruptions commonly wane in this
way, and a similar pattern could have occurred here. The apparent decrease in
extent of overflow, however, could be an illusion arising from obliterative
overlap. The pattern could have arisen simply from obliteration of the
smaller overflows in a series having random sizes, similar to the way in which
the smaller moraines in a recessional series can be obliterated by the larger
advances (Gibbons and others, 1984). If the overflows do represent a waning
series, however, they pose an intriguing problem of mechanism; waning series
in subaerial eruptions are commonly thought to arise from depletion of
volatiles causing effervescence.

In summary, we suggest that the several overflows from the inner cleft are
products of a single eruption which began as a long fissure eruption but
became localized to a vent in the east wall of the cleft and continued for a
few days or a few weeks. The eruption consisted of a series of eruptive
phases, each of them lasting for less than several hours and separated from
each other by hours or days. The overflows that are still visible may be
members of a systematically waning series. This interpretation is uncertain
in several respects, however, and several alternatives remain possible.

HYDROTHERMAL VENTS AND SAMPLES

The hydrothermal vents of the Plume Site appear to be generally similar to
those examined at other places nearby along the southern Juan de Fuca Rift.
The vents here are restricted to a smaller area than those of Vents 1 and 3.
Most of the hydrothermal outflow of the Plume Site seems to be concentrated in
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a small area between marker floats [4/], [4V], and [5V]. Minor vents do occur
along the east wall of the cleft over a distance of at least 200 m. Various
vent animals are clustered around the principal vents, and carpets and drapes
of organic material are extensive along much of the east wall. Most of the
hydrothermal mineral deposits seem to occur around the main active vents,
where they form extensive incrustations and chimneys. Thirteen samples of
lava, sulfides, water, and organisms were collected near the vents (Table 2).

Extent of venting. Hydrothermal venting seems to be concentrated in an area
less than 50 m in length along the lower east wall of the inner cleft (Fig. 6;
examined during 18:41-20:24 and 22:20~22:30). The most active vents are
marked by sulfide chimneys and many vent organisms, which occur in two main
clusters, one along the base of the east wall of the inner cleft and another
along the narrow ledge or ridge about 10 m above the base of the wall (Fig.
5B).

The lower cluster extends 30-50 m along the base of the wall and is less
than 10 m wide (in a roughly east-west direction). The most active vents
occur in a small area within 5 m of the wall between marker floats [0V] and
[4V]. sSmall plumes of shimmering hydrothermal fluid issue extensively from
the rubble around the bases of the chimneys but were not observed more than a
few meters away from the chimneys on the slope in front of them.

The cluster of chimneys on the ledge above may be smaller than the cluster
along the base of the cliff below; we could see only a few large chimneys in
the upper group. (We did not traverse the length of the upper cluster,
however.) We had no close-up views of hot water issuing from the upper
chimneys, or around their bases, but the fresh appearance of these chimneys
suggested that they were active. In addition, these chimneys appeared to rise
from a base thickly mantled by organic material (20:26:20 and 20:28:22; though
this material overlay many worm tubes, we saw no live worms here). We did see
shimmering water streaming from sulfide-encrusted patches on the cliff face
behind the chimneys (20:30:54, 20:32:39). The chimneys that we saw here
(20:26 to 20:34) appeared to be larger than those of the lower cluster,
suggesting that the upper cluster had more intense or more sustained
hydrothermal flow. On the other hand, the upper chimneys seemed to be sparser
and less numerous; the total outflow there could be less than in the lower
cluster.

We found a much smaller vent area on the east rim of the cleft (20:38-
21:00), which we marked with float [{5V]. At this place we saw no chimneys
(though some large pillars were initially mistaken for chimneys) or worm
colonies, but shimmering water could